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Phase | — Requirements Driven Materials
Selection (Beryllium Baseline)

OPTICAL PERFORMANCE IS FIRST PRIORITY

Candidate

Requirements

Isotropic/Thru

Structural

Materials Thickness CTE| Dynamics and | Humidity Rad|at|pn Cost a.nd
. . Hardening|Lead Time
Magnitude Weight
Beryllium Yes/moderate X (3)* X X
Resin Matrix
Composites No/large X(1)
Silicon Carbide Yes/small X (5) X
Graphite Reinforced
Magnesium No/moderate X (3) X
Disonctinuous
Silicon Carbide X (6)
Aluminum Yes/moderate
Carbon-Carbon No/small X (2) X X X

(#) —

Relative ranking; weight is most sensitive to facesheet and core

density and minimum gage for frequency critical design and structural
construction approach (i.e., sandwich versus open-back)
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Carbon- Carbon IS a Proven Performer

Proposed approach: carbon-carbon substrate
and metering structure; SiO, Coating using
vacuum deposition process, "and polishing

Very small thermal expansion coefficients;
athermalization achievable; moisture insensitive

High specific properties; compatible with
structurally efficient sandwich construction
— carbon foam and or honeycomb core

Meets cost and lead time criteria

Low atomic number and low CTE make it
attractive for nuclear threat environment; well
characterized; compatible with thick glass
coating and conventional polishing approaches
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Be and C-C Primary Mirror Configurations

Beryllium Carbon-carbon

1.457 Lb _ Weight - 0.707 Lb (including flexures)
0.659 Lb (without flexures)

Iso-grid
Back Side
Front Facesheet
Honeycomb Core
Rear Facesheet
Front Side

Invar Flexure Blade (x3) 4
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Modal Analysis Results
- Fixed at 3 Points - First Mode Shape
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Output Set: Mode 1, 1217166 Hz
Deformed(46.5): Total Translation
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Output Set: Mod1,589.8823Hz, Constrain

Deformed(17.23): Total Translation

Beryllium Composite
First mode at 1217 Hz

First mode at 590 Hz
Flexure orientation and lighter weight composite sandwich construction (i.e., 1.46 Ibs for
Be versus 0.71 Ibs for composite [49%]) yield higher frequency
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One-half Optical Path Differences - Surface Deformation
Contours (Inches), Before Best Fit

All six Degrees of Freedom
Fixed at Flexures; 20 °C temperature excursion

0.000304 0.0000242

0.000284 0.0000236

0.000264 0.000023

0.000244 0.0000224

0.000224 0.0000219

0.000204 0.0000213

0.000184 0.0000207

0.000164 0.0000201

0.000143 0.0000195

0.000123 0.000019

0.000103 0.0000184

0.0000831 0.0000178

0.000063 0.0000172

0.0000429 0.0000166

0.0000228 0.0000161

0.00000266 Output Set: Soak, 20C, BC1 0.0000155

20C, BC1 0.0000175 Contour: INITIAL DEV. (UNWEIGHTED) 0.0000149
1-Before BestFit

Carbon-carbon
5.735 um RMS 0.534 ym RMS

Beryllium

Carbon-carbon is a Low Coefficient of Thermal
Expansion Material



1940 Garnet Avenue, Suite 207

San D:ego Compos:tes (NN San Diego, CA 92109
N < 858 270-1280, 1448 (fax)

One-half Optical Path Differences - Surface Deformation

Contours (Inches)
After Best Fit (Rigid Body + Focal Length)

« 20 °C temperature
excursion

» Radial degree of
freedom free at flexures

QOutput Set: Soak, 20C, BC2 e
Contour: FINAL DEV. (UNWEIGHTED)

Carbon-carbon is almost order magnitude better than the
Raytheon supplied RMS requirement
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Phase |l Planning

Sandwich Mirror
Fabrication Process
Development

Carbon-carbon
Substrates
Fabrication

Fabrication and
Secondary
Attachment of
Facesheets & Core

Co-processing
Facesheets
and Core

Chemical Vapor
Infiltration (CVI) of

SiO, Coatings

Pores and Surface
Seal

Application

Vacuum
Deposition
Process

Sol Gel
Process

Surface
Finishing

Diamond

Turning Magneto-

Rhelogical

Conventional
Polishing
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Phase Il Challenge

Example of Vacuum Deposition
Process of SiOx

0.7

0.6

0.5

0.4+

0.3 @ Figure

m Surface Finish

0.2

0.14

Surface Finish

Substrate Figure

Coating

Polishing

The lowest cost process has the right balance of
tolerances and associated costs for fabrication of the
substrate, applying the coating and polishing
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Summary

Material selected for mirrors and supporting
structure based on requirements

— Carbon-carbon

Preliminary design developed for primary mirror
that meets requirements

Opto-structural analyses demonstrate feasibility
of carbon-carbon mirror

Technical approach developed for achieving
system athermalization

Technical approach identified to achieve figure
and surface finish (i.e., SiO, coating + MRF)

10



